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Since it was found that the electrolytical fractionation of water was 
very efficient to concentrate deuterium, experiments have been carried out 
in our laboratory to prepare heavy water by this method. 

The present paper is concerned with the preliminary experiments on 
the electrolysis of sulphuric acid solutions with lead electrodes. The com- 
mercial sulphuric acid was diluted to 10 per cent. concentration with 
ordinary tap water and subjected to electrolysis using lead electrodes. The 
results are shown in Table 1. 


Table 1. 


Initial volume Final volume Parts H? 
C.6. C.C. per 1,000 


Series 
6,400 100 0.8 2. 1.50 

"50,000 9 2. 1.54 

61,000 7 1.58 


The symbol « denotes the electrolytical separation coefficient defined by the 
following equation : 


dln H'=adlIn H?. 


The meanings of a and 6 will be explained later. 


The electrolyzing apparatus was very simple. Tall beakers of about 
200 ¢.c. capacity, 5cm. diameter, and 10cm. height, were used as cells. 
They were filled with the electrolyte and placed in series in running water. 
The lead electrodes employed consisted of 2 sheets of plates 10 cm. long and 
4cm. wide, which were joined together by a thin strip of lead plate; one 
sheet formed the anode and the other the cathode in neighbouring cells. 
The cells were put in series in D.C. of about 4 amperes obtained either from 
a motor generator or from rectifiers. Upon reaching half the original 
volume the content of a cell was first neutralized with Na2CO;, distilled, 
and then added to the other cells with contents of the same order of con- 
centration as the one to be added. This process was repeated until the final 
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product was obtained. The density of the final products, after being care- 
fully purified, was measured by means of a pycnometer or by a bouyancy 
balance. 

In order to find the electrolytical separation coefficient a from the data 
thus obtained, it must be taken into consideration that fairly large amounts 
of the solution were lost during electrolysis owing partly to evaporation and 
partly to escaping sprays resulting from bubbles at electrodes. The loss 
due particularly to the latter factor was appreciably large in the arrange- 
ment employed by us. In order to minimize this loss, a watch glass was 
placed on each cell. It may be justified in stating that the amount of loss 
due to evaporation and escaping sprays is proportional to the total number 
of cells and this is again proportional to the total amount of the solution 
present. And in the second place, it may be assumed that the isotopic 
composition of the lost solution is identical with that of the solution in the 
cells. Therefore, the total loss of protium and deuterium during electrolysis 
can be expressed by the two following terms instead of an usual single 
term : 

Ni 
(N; +Ny" 

Ne 
N,; + Ne) 


—d Ni — ky Ni dt + K(N, + Ne) 


—d Nez = kz Nodt + KUN + Na) ( 


dt, 


where the second term in each differential equation stands for the loss due 
to both evaporation and spray-formation, N; and N2 the total moles of pro- 
tium and deuterium respectively, and K is a constant for both evaporation 
and spray-formation. Hence, on integrating these two equations, we can 
obtain the total separation coefficient a: 


_ In Nio—In Ni - ki+K 
In No—In Ne ket K 


where No indicates the values at the commencement of electrolysis. Here, 
it should be mentioned that, since we started with ordinary tap water, the 
ratio of total moles of deuterium to that of protium was taken as one part 
to 5,000. 

However, as the ordinary water may be considered to consist of pure 
protium water, the ratio of its loss due to evaporation and spray-formation 
(W) to that due to pure electrolysis () should be equal to the ratio K/k;: 


W/E = K/k, = 6 


The value 5 can be easily found experimentally from the total and the 
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theoretical losses during the electrolysis. From equations (1) and (2) we 
can obtain the electrolytical separation coefficient a as follows: 


— ks a 


ke  1—b(a—1) 


a 


The values a, 6 and a obtained in this way are given in Table 1. 


Our results can be compared with those of Collie” who electrolyzed 10 
per cent. ordinary sulphuric acid solution using lead electrodes and obtained 
the electrolytical separation coefficient a = 1.2—3.8, which is quite close to 
ours. Some other authors used more dilute solutions of sulphuric acid. 
For instance, Erlenmeyer and Gartner” started from 8 liters of ordinary 
0.1.N sulphuric acid and obtained 13 c.c. of heavy water containing 5 parts 
H? per 1000. From this result it will be seen that a is 2.0, neglecting the 
loss due to evaporation and spray-formation. The concentration of sul- 
phuric acid does not seem to have much influence upon the separation 
efficiency. More recently Topley and Eyring made careful experiments 
on the separation efficiencies by electrolysis and obtained a as high as 6.2— 
6.6 by using 0.5 N sulphuric acid and lead electrodes. The discrepancy be- 
tween this and values obtained by other observers is considerable. But it 
must be taken into consideration that the above-mentioned investigators 
started with more concentrated heavy water instead of ordinary water. It 
may be plausible that the magnitude of a depends upon the isotopic com- 
position of starting materials. It might be of interest to confirm this view. 


The experiments on electrolytic concentration, which are now being 
continued by using alkaline solutions and neutral salt solutions, will be 
published later. 
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and 
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(3) B.Topley and H. Eyring, J. Chem. Phys., 2 (1934), 217. . 
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One of the most efficient methods of concentrating deuterium is the 
electrolytical fractionation of either caustic alkali solutions with nickel elec- 
trodes™ or sulphuric acid solutions with lead electrodes.” The theories 
expounded in order to explain the mechanism of separation do not well 
agree with one another. However, it is well known that separation occurs 
at the cathode. For example, when NaOH is used as the electrolyte, the 
important réle played by Na is that, upon reaching the cathode, it induces 
the separation of deuterium from protium. Hence, separation may also be 
effected by employing a neutral sodium salt as the electrolyte. 

From this point of view, a preliminary experiment was carried out to 
effect the separation by using a 0.25 mol solution of Na2SO,, the solvent 
being ordinary tap water. Seven liters of this solution were subjected to 
electrolysis between a nickel cathode and a lead anode, both being 10cm. 
long and 4cm. wide. A current of 2.5 amperes was passed through. Ex- 
perimental procedure was the same as described in the preceding paper, 
except that the electrolyzed solution was distilled without neutralization in 
this case, though the solution was found to be slightly alkaline after the 
electrolysis, presumably owing to the disappearance of SO,’’-ions at the 
lead-anode. The final product of about 134c¢.c. was carefully purified and 
the determination of density by a quartz bouyancy balance showed that this 
final product contained 0.85 part H? in 1,000. Assuming the initial con- 
centration to be 1 part H? in 5,000, the total separation coefficient was found 
to be a = 1.58.“ However, the factor b, which is the ratio of the loss due 
to the evaporation and spray-formation to that of the pure electrolysis, was 
found to be 0.58. Hence, the electrolytical separation coefficient a was 
calculated by the equation : 


(1) G.N. Lewis and R.T. Macdonald, J. Chem. Phys., 1 (1933), 341; H.S. Taylor, 
H. Eyring, and A. A. Frost, J. Chem. Phys., 1 (1933), 823; R. P. Bell and J. H. Wolfenden, 
Nature, 133 (1934), 25; B. Topley and H. Eyring, J. Chem. Phys., 2 (1934), 217; ete. 

(2) C.H. Collie, Nature, 132 (1933), 568; K.F. Bonhoeffer and’ G. W. Brown, Z. 
physik. Chem. (B), 23 (1933), 171; H. Erlenmeyer and H. Gartner, Helvetica Chim. Acta, 
17 (1934), 30; B. Topley, H. Eyring, loc. cit., etc. 

(3) P. 269 of this volume. 

(4) For the method of calculation refer to the preceding paper. 
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a 


~ 1—b(a—1) ’ 


and found to be 2.3. 

Therefore, the separation efficiency by the use of NagSO, with a nickel 
cathode is quite close to that of 10 per cent. sulphuric acid with a lead 
cathode (a = 2.2—2.7) as was reported in the preceding paper. For the 
sake of comparison the electrolysis was carried out by using a 0.5 mol 
NaOH solution with nickel electrodes and a current intensity of 3 amperes. 
The result is as follows: initial volume = 6,000 c.c., final volume = 100 c.c., 
part of H? in 1,000=0.8, a=1.52, and 6= 0.88, hence a=2.8. The 
separation effi_iency is approximat_ly equal to that with a NaeSQO, solu- 
tion. 

There are at least two distinct advantages in using the neutral salts 
over acid or alkaline solutions: namely, first, it dispenses with the process 
of neutralization, thereby saving considerably amount of labour and time ; 
secondly, the same electrolyte can be used throughout. The full report on 
the final results will be published shortly, as the process of separation are 
at present being carried on along the lines reported so far. 
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UNTERSUCHUNGEN UBER DIE OXYDASENARTIGEN 
WIRKUNGEN GEWISSER METALL- 
KOMPLEXSALZE. X. 


Ven Yuji SHIBATA und Kazuo YAMASAKI. 
Eingegangen am 23. Juni, 1934. Ausgegeben am 28. Juli, 1934. 
Im Jahre 1918 wurde von K. Shibata und Y. Shibata eine interessante 


Beobachtung iiber das oxydaseartige Verhalten gewisser Metallkomplex- 
salzen angestellt, und seither wurde eine Reihe von experimentellen, insbe- 
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sondere reaktionskinetischen Untersuchungen dieser Erscheinung von den 
genannten Autoren und ihren Mitarbeitern” vielfach mitgeteilt. 

Die Substrate, die bisher in diesbeziiglichen oxydativen Versuchen 
gebraucht wurden, waren immer Polyphenole, deren OH-Gruppen sich 
besonders leicht von Metallkomplexsalzen angreifbar erwiesen. In vorlie- 
gender Arbeit wird aber die Oxydation von einem Aminophenol, d.h. N- 
methyl-p-aminophenolsulfat (Metol), durch verschiedene Komplexsalze von 
Kobalt und Chrom naher studiert. 

Da die wasserige Lésung des Metols (N-methyl-p-aminophenolsulfat) 
merklich sauer reagiert und das Oxydationsvermégen von Metallkomplex- 
salzen durch Sduren stark verzégert wird, so wurden die Versuchsgemische 
mit einer Pufferléisung von pH=9.4 versetzt, um die Lésung schwach 
alkalisch reagieren zu lassen. 

Wie weiter unten im experimentellen Teil angegeben, absorbiert die 
schwach alkalisch gemachte Metollésung an sich selbst den Sauerstoff und 
durch Versetzung eines Komplexsalzes wird diese Autoxydation im Gegen- 
satz zum Falle gewéhnlicher Polyphenole, vielmehr mehr oder minder 
gehemmt, indem etwaige Niederschlage immer zwischen Metol und Kom- 
plexsalze gebildet werden. Dabei ist es sehr interessant zu bemerken, dass 
die Intensitat dieser verzogernden Wirkung der Metallkomplexsalze auf die 


Autoxydation des Metols in ganz gleicher Reihenfolge zu der beschleuni- 
genden bei der Oxydation von Polyphenolen steht; naimlich wirken solche 
Komplexsalze, welche auf Polyphenole am starksten oxydativ wirksam sind, 
auch am bedeutendsten verzégernd auf die Autoxydation von Metol. 





(1) 1. Y. Shibata und K. Shibata, Untersuchungen iiber die oxydasenartigen Wir- 
kungen gewisser Metallkomplexsalze. J. Chem. Soc. Japan, 41 (1920), 35; Acta Phyto- 
chimica, 4 (1929), 363. 

2. K. Shibata, Uber die Wirkungsmechanismus der oxydoreduktiven Enzyme. Acta 
Phytochimica, 4 (1929), 373. 

3. Y. Shibata u. H. Kaneko, Kinetik der katalytischen Oxydation durch gewisse 
Metallkomplexsalze. J. Chem. Soc. Japan, 43 (1922), 833; Chem. Abst., 17 (1923), 2811. 

4. Y.Shibata u. H. Kaneko, Hydroperoxydzersetzung durch gewisse Metallkomplex- 
salze. J. Chem. Soc. Japan, 44 (1923), 166; Chem. Abst., 17 (1923), 2812. 

5. H. Kaneko, Eigenschaften der wasserigen Lésungen einiger Kobaltkomplexsalze. 
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1934] Untersuchungen iiber die oxydasenartigen Wirkungen 275 


Von dieser Tatsache aus, kann man wohl den Schluss anziehen, dass 
fiir die oxydationskatalytische Wirkung von Metallkomplexsalzen eine 
voriibergehende Vereinigung zwischen denselben und den Substraten er- 
forderlich ist, und zwar ergeben die Metallkomplexe desto leichter die 
Molekiilverbindungen mit dem Substrat, je starker sie oxydierend ein- 
wirken vermégen. Da aber solche Molekiilverbindungen zwischen Kobalt- 
komplexe und Metol unléslich sind und folglich sofort vom Reaktionskreis 
ausgeschieden werden, so scheint es, dass die starksten Oxydatoren fiir 
Phenole gerade die bedeutendste Hemmung der Autoxydation von Metol 
bewirken. 

Weiterhin wurde die Beeinflussung der in Betracht kommenden Vor- 
gange durch einige Substanzen studiert, welche auf die katalytischen 
Oxydation der Phenole durch Kobaltkomplexe immer hemmend einwirken, 
so z. B. Chromkomplexe,® Kaliumcyanid und Hydroxylamin. 


Beschreibung der Versuche. 


Der Sauerstoffverbrauch wurde mit zwei Warburgschen Manometern 
messend verfolgt. Die Volumen der beiden Reaktionsgefisse betrugen je 
50.8 ¢.c. und 50.7¢.c., und diese zwei Manometern wurden ganzlich ins 


Wasser der Thermostat (25°C.) eingetaucht, um den Temperatureinfluss auf 
Gasvolumen méglichst gut auszuschliessen. 

Als Sperrfliissigkeit diente wie gewéhnltch die Brodielésung und die 
Schiittelungszahlen des Apparates war 50/min. . 

Das kaufliche N-methyl-p-aminophenolsulfat (Metol) wurde aus Wasser 
zweimal umkrystallisiert, waihrend die unten bezeichneten Metallkomplex- 
salze von den Autoren selbst bereitet wurden. 


[Co(N Hs)e]Cls ’ [Co(NHs)sH20|Cls 9 [Co(NHs)sCl]Cle 9 [Co(NHs);SCN Cl. 9 
[Co(NHs)sNOz]Cle, [Co(NHs)sCOs]NOs, [Co(NHs),OH(H20)]SO,, 
[Co(NHs3)4Cl(H20) SO. , [Co(NHs).(NOz)2]Cl (Flavo u. Croceo), 
[Co(NHs)a(NOz)s], [Co(NHs)e(NO2)4JNH4H20, 

[Co(N Hs)aNO2)2(C204) INH«-H20, [Cr(NHs)sClICle , 
[Cr(NHs)sSCN](SCN)z, [Cr(CzO4)s]Ks-3H20. 


Das Gemisch von NH,OH (0.046 NV) und NH,Cl (0.050) zu gleichen 
Teilen wurde als Pufferlésung (pH 9.4) verwendet. 


(2) Chromkomplexe sind im allgemeinen sehr bestandig in wasserigen Lésungen und 
oxydativ unwirksam. Wenn solche Komplexe vorher der Substratlésung zugesetzt wird, 
dann wird das Oxydationsvermégen von der nachher zugefiigten wirksamen Komplexsalze 
bedeutend gehemmt. (Siehe Y. Shibata und K. Shibata, loc. cit.) 
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(I) Autoxydation von N-methyl-p-aminophenolsulfat ; Kontrollversuch. 
Das Versuchsgemisch bestand aus : 


Substrat 1/500 M. 2 c.c. } 
30%ige KOH (in Einsatz) le.e. J 


Pufferlésung 2 c.c. ) 
Wasser 2c.c. J 


Hauptraum 


Ansatzbirne 


(Il) Sauerstoffaufnahme von Metollésung in Gegenwart von Komplex- 
salzen. (Siehe Tabelle 1 und Abb. 1 u. 2.) 


Versuchsgemisch : 


Substrat 1/500 M. ) re 
30%ige KOH (in Einsatz) W 


Pufferlésung 
Komplexsalzlésung 1/400 M. | Ansatzbirne 


Tabelle 1. 


| Metol Metol-++ Komplexsalz 


(1) (5) | (6) | (7) | (8) | (9) (10) (11) (12) | (18) (14) (15) (16)) (17) 


‘ . , P ; : A 
mm* ‘ S 3) mm3) mm?) mm? | mm? mm* mm* mm*) mm? mm* mm4| mm*| mm* 


153 74 | 86) 86/125 137) 189) 161) 137 165) 157 
190 ‘ 155 97 108) 97 151 | 153/163 161 | 186 | 187) 191 
209 161 115 118) 114/165 172/171 173) 204 | 204 | 216 
228 209 135 | 129 | 181 190} 191 | 190 | 221 | 222 | 238 
251 228 199 148 146 198 208 | 202 216 242 | 243 | 258 
270 162 | 161 159 212 220/216 224 256 | 260) 278 
286 256 224 172 |173| — | 224 230) 232 | 238 276 | 286 
298 266 | 252 _ 180 — | 232 240 | 242 | 248 | 286 | 290 | 304 

276 | 260 250 244 188 186 | 240 | 246 | 252 | 254 296 300 | 315 

282 256 | 252 192 | 246 | 254 | 258/262 — — | 324 
328 287 | 274 268 259 200 194; — | 258| 266| 266, — | — | 330 
334 294 | 282; — 272 | 263 196| — | 264, 270 274 326 | 336 

300 | 286 | — 268 | 268 198) — | 266) — | 276 | 326 | 331 | 242 
343 302 | 288 | 286 278 | 272 | 270 205 | 201 | 262 | 270 | 278 | 278 | 330 | 334 | 344 


(3) Mit Ausnahme von [Cr(NH;);Cl]Cl, 1/800 M. 
(4) Diese Nummer sind dieselben wie die in den Kurven in Abb. 1 und 2 ange- 
gebenen. 
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O.-Aufnahme 
O,-Aufnahme. 











Kurve. 1. Substrat + Pufferlésung. 


(Kontrollversuch). K 11 N SCNICl. 
2-17. Oxydation in Gegenwart von ais 12. Satie ~ om 
. DAN Ue) INT, 


Komplexsalze. 
13. [Co(NH3;);NO.]Cl, 


CME DIC | 14. [Co(NH,),(NO2):] 


[Co(NH;)o(NO2)oC-0,]NH, 15. [Cr(N H;);SCN\(SCN), 
[Co(NH;),(NO,).|Cl, Flavo. 16. [Cr(C,0,)s]Ks 

[Co(N H3),(NOz).JCl, Croceo. 17. [Cr(NH;);ClJCl, 
[Co(NH;),CO,|NO; 1. Kontrollversuch. 
[Co(NH;);ClI]Cl. 
[Co(NH;),OH(H,O)]SO, 
[Co(N H;),Cl(H,0)]SO, 


Abb. 1. 


Abb. 2. 


SH KAN AMP wH 


_ 


Durch Hinzufiigen von Kobaltkomplexsalz zur Substratlésung tritt ein 
sofortiger Farbenumschlag ins Braun ein und nach einigen Stunden wird 
schwarzer Niederschlag gebildet. Bemerkenswert ist hierbei, dass die 
Sauerstoffaufnahme dieser Reaktionsgemische immer geringer ist als die 
des Kontrollversuchs. 

Der eben erwahnte schwarze Niederschlag ist pulverig, leicht léslich in 
Alkali und konz. Ammoniak, schwer in heissen Schwefelsdure und Sal- 
petersdure und unléslich in organischen Lésungsmitteln. Der Niederschlag 
enthadlt Kobalt und Stickstoff, dessen Anwesenheit durch Erhitzen mit 
Natronkalk nachgewiesen wurde. Es ist also héchst wahrscheinlich, dass 
diese Niederschlage aus den unléslichen Molekiilverbindungen zwischen den 
Kobaltkomplexsalzen und dem Substrat bestehen. Da ein Teil der Sub- 
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stratmenge auf diese Weise von der Lésung entzogen wird, so macht es sich 
ganz verstandlich, dass die Sauerstoffaufnahme der Metollésung durch Zu- 
satz von Kobaltkomplexen immer geringer wird als die des Kontrollversuchs. 

Nach der Griésse der beobachteten Sauerstoffaufnahme werden die 
untersuchten Komplexsalze in 3 Gruppen eingeteilt. 

(a) Die Kobaltkomplexsalze, die beim Zusammenbringen mit Metol- 
lésung die Fallung schon nach 1/2-1/3 Stunden verursachen. Die Sauer- 
stoffabsorption dieser Gemische sind immer sehr gering, trotzdem die Kom- 
plexe dieser Art als die starksten Oxydatoren auf Polyphenole galten. 


[Co(NHs)sClJClz, [Co(NHs)s4OH(H20)]SO., [Co(NHs)«Cl(H20)]SO, 


(b) Die Chromkomplexsalze, welche beim Zufiigen zu Metollésung 
keinen Niederschlag ergaben und deswegen ihre Sauerstoffaufnahmen un- 
gefahr gleich mit der des Kontrollversuchs sind. 


[Cr(NHs)sCl]Cle, [Cr(CzO4)s]Ks -3H20, [Cr(NHs)sSCN](SCN)- . 


(ec) Diejenigen Kobaltkomplexsalze, welche nach bisherigen Unter- 
suchungen als schwache Oxydatoren klassifiziert wurden, scheinen auch in 
jetzigem Falle nur eine geringe Bindungskraft gegen das Substrat zu 
zeigen, so dass die Fallung erst nach etwa 2-4 Stunden zur Erscheinung 
kommt und die Sauerstoffaufnahme dementsprechend wenig gehemmt wird. 

(III) Die Ejinfliisse von einigen Substanzen, die auf die Oxydations 
wirkung der Komplexsalze hemmend einwirken. 

Genau so wie bei Oxydationsenzymen, erleiden die Metall-Komplexsalze 
die Hemmung von ihren Wirkungen durch verschiedene Substanzen, wie 
Saduren, Cyanide, Sublimat, Hydroxylamin u.a. Hier sollen die Einfliisse 
der Anwesenheit solcher Verbindungen auf die in Frage kommenden Vor- 
giange ndher untersucht werden. 

(a) Einfluss der oxydativ unwirksamen Chromkomplexsalze. 

Wenn man die Kobaltkomplexsalzlésung mit einem oxydativ unwirk- 
samen Chromkomplexsalze versetzt und alsdann dieses Gemisch zur Metol- 
losung zufiigt, wird die Wirkung des Kobaltsalzes um so mehr unter- 
gedriickt, je grésser ist die Menge des zugefiigten Chromsalzes. Siehe 
Tebelle 2 und Abb. 3. 


Versuchsgemisch : 
Chromkomplexsalz wurde in Kobaltkomplexsalzlésung gelést. 


Substrat 1/500 M. 2 c.c. ) 


30%ige KOH (in Einsatz) lec, J Hauptraum 


(5) Shibata u. Kaneko, loc. cit. 
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Pufferlésung 2 c.c. | 
Ansatzbirne 


[Co(NHs)sCl]Cle 1/400M. | 


[Cr(NH,)Cl]Cle 1/400 od. 1/800 M.J2 


Tabelle 2. 


[Cr(NH;);Cl]Cl- 
1/400M. | 1/800M. 





mm? mm 
115 93 





127 





O,-Aufnahme. 








5 





St. 
7 


Substrat + [Cr(NH;);C]JCl, 1/400 M. 


(Abb. 2. Kurve. 17.) 


Substrat + [Cr(NH;),ClJCl, 1/400 M. 

+ [Co(NH;);ClJC], 1/400 M. 

Substrat + [Cr(NHs3),CIJCl. 1/800 M. 

+ [Co(NH;);Cl]Cl, 1/400 M. 

. Substrat + [(Co(NH;);CIJCl, 1/400 M. 


(Abb. 1. Kurve. 8.) 
Abb. 3. 


(b) Kaliumcyanid. 


Da die wasserige Liésung des KCN ziemlich stark alkalisch ist und 
Metollésung selbst sauer reagiert, so verwendet man in diesem Falle keine 
Pufferlésung. Die Konzentration des KCN ist 1/100, 1/200, und 1/400 M. 


Versuchsgemisch : 


Substrat 1/500 M. 2 c.¢. ) atin 
30%ige KOH (in Einsatz) tc 


[Co(N Hg)sCl]Cle 1/400 M. 2 c.c. | 


KCN eel Ansatzbirne 
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Im Kontrollversuch wurde an Stelle der Komplexsalzlésung reines 
Wasser angewandt. Die hemmende Wirkung des Kaliumcyanides steht 
der von Chromsalzen merklich nahe. Siehe Tabelle 3 und Abb. 4. 


Tabelle 3. 


Metol Metol-+[Co(N H;);ClJCl. 


KCN KCN 
1/100 M. 1/200 M. 1/400 M. 1/100M. | 1/200M, 1/400 M. 


mm? q mm?* mm? d mm? 
100 —10 65 —{ 
165 125 4 
181 ; 127 77 
205 141 108 
231 | 155 105 
257 175 | 113 
278 | 190 125 
298 202 139 
310 | 218 151 
324 224 155 
328 232 169 
340 238 CO 178 

244 182 
246 190 
254 | 198 


Substrat-+ KCN 1/100 M. 
” 1/200 M. 
” 1/400 M. 


+ Pufferlésung. 
(Abb. 1. Kurve. 1.) 
Substrat-+ KCN 1/100M. 
+ [Co(NHs3);CljCl. 1/400 M. 
Substrat+ KCN 1/200M 
+ [Co(NHs;);Clj|Cl, 1/400 M. 
Substrat+ KCN 1/400 M. 
+ [Co(NH;);ClJCl. 1/400 M. 
Substrat + Pufferlésung 
+[Co(NH;);ClJCl, 1/400 M. 
(Abb. 1. Kurve. 8.) 





O.-Aufnahme. 





Abb. 4. 


(6) Die Konzentration von H.SO, im Substrat ist 1/250 vy. und grésser als die von 
KCN 1/400 M., also wird diese Druckzunahme durch Entwicklung von HCN-Gas verursacht. 
Dadurch wird auch die spatere Sauerstoffabsorption scheinbar herabgesetzt. 
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(ec) Hydroxylamin. 
Die Konzentration von Hydroxylaminhydrochlorid ist 1/100, 1/250, und 
1/500 M. Siehe Tabelle 4 und Abb. 5. 


Tabelle 4. 


Metol Metol + [Co(NH;);ClJCl, 


NH,OH - HCl NH,OH - HCl 


1/100 M. 1/250 M. 1/500 M. 1/100 M. 1/250 M. 1/500 M. 

mm? mm* mm* mm? mm* mm’ 
100 87 105 85 75 58 
199 188 207 163 159 137 
329 290 255 176 182 149 
370 313 188 — 
387 328 | 197 176 
394 342 207 185 
399 350 220 203 
403 354 228 212 
410 362 236 224 
416 366 244 230 
420 371 251 236 
420 375 255 238 
423 375 259 247 
427 379 265 249 
430 381 265 








Substrat+ Hydroxylamin- 
hydrochlorid 1/100 M. 
Substrat+ Hydroxylamin- 
hydrochlorid 1/250 M. 
Substrat+ Hydroxylamin- 
hydrochlorid 1/500 M. 
Substrat+ Pufferlésung 
(Abb. 1. Kurve. 1.) 
Substrat + Hydroxylamin- 
hydrochlorid 1/100 M. 
+[Co(NH;);ClJCl, 1/400 M. 
Substrat+ Hydroxylamin- 
hydrochlorid 1/250 M. 
+[Co(NH;);ClJCl, 1/400 M. 
Substrat+ Hydroxylamin- 
hydrochlorid 1/500 M. 
+[Co(NH;);ClJCl, 1/400 M. 
Pufferlésung 
+[Co(NH;)sClJCl, 1/400 M. 
(Abb. 1. Kurve. 8.) 











O,-Aufnahme. 
































Y. Shibata und K. Yamasaki. 


Versuchsgemisch : 


Substrat 1/500 M. 2 c.c. 

30%ige KOH (in Einsatz) le.c. ) Hauptraum 

Hydroxylaminhydrochlorid le.c. 

Pufferlésung 2c.c. | 

[Co(NHs)sCl]Cle 1/400 M. 2c.c. J 
(im Kontrollversuch reines Wasser) 


Ansatzbirne 


Durch Zusatz von Hydroxylamin wird die Sauerstoffabsorption der 
Metollésung stark vermehrt, wahrend die Hemmung der letzteren durch 
Kobaltkomplexe von der Menge des zugesetzten Hydroxylamin stets un- 
abhangig ist. Die Erklarung fiir diese unerwartete Erscheinung kénnte 
man vielleicht darin finden, dass irgendeine Molekiilverbindung zwischen 
Hydroxylamin und Metol gebildet wird und diese letztere auf die Autoxyda- 
tion des Metols beschleunigend einwirkt. 

Zur Kontrolle wurde Hydroxylamin zu solchen Lésungen zugefiigt, die 
einmal nur Pufferlésung und andermal Puffer und Komplexsalz zugleich 
enthalten ; jedoch bei diesen beiden Fallen wurde keine Sauerstoffabsorp- 
tion beobachtet. 


Zusammenfassung. 


1. Die Einfliisse von verschiedenen Kobalt- und Chromkomplexsalzen 
iiber die Autoxydation des N-methyl-p-aminophenolsulfat (Metol) wurden 
durch die Messung von absorbiertem Sauerstoff untersucht. 

2. In Gegenwart von Kobaltkomplexsalzen wird die absorbierte Sauer- 
stoffmenge im allgemeinen bedeutend herabgesetzt; also wird die Autoxy- 
dation des Metols durch Kobaltkomplexsalze scheinbar gehemmt und zwar 
wirkt auf die Sauerstoffaufnahme der Metollésung der starkste Oxydator 
fiir Polyphenole (z.B. [Co(NHs)sCl]Cle, [Co(NHs)sCl(H20)]SO, u.a.) am bedeu- 
tendsten und der schwachte Oxydator fiir Polyphenole (z.B. [Co(NHs)«]C];) 
am geringsten hemmend ein. 

3. Chromkomplexsalze, die sich bei der Oxydationsbeschleunigung von 
Polyphenolen fast unwirksam aufweisen, verhalten sich in diesem Falle 
gleichfalls indifferent. 

4. Gewisse Substanzen, die auf die katalytische Wirkung der Kobalt- 
komplexsalze bei der Oxydation von Polyphenolen hemmend einwirken, 
zeigen hier auch dhnliches Verhalten; so z.B. durch Zusatz von Chrom- 
komplexsalzen oder Kaliumcyanid wird die Hemmungswirkung der Kobalt- 
komplexe auf die Metoloxydation mehr oder minder deutlich beseitigt. 
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5. Hydroxylamin verhdlt sich hierbei etwas sonderlich ; naémlich wird 
die Autoxydation der Metollésung in seiner Gegenwart stark beschleunigt, 
wahrend deren Hemmung durch Kobaltkomplexe dadurch kaum beeinflusst 
wird. 


Chemisches Institut, 
Kaiserliche Universitét zu Tokyo. 
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Sec. VIII. Electro-cataphoresis of the Sericin Solution. 


In electro-cataphoresis, an electromotive force acts on an interface, the 
electric current flowing tangentially to the plane of the interface and 
causing a movement of a solid with respect to the liquid. Concerning elec- 
tric properties of sericin particles there has been little work. But, it is 
long recognized that sericin micellz possess a negative charge. The charge 
on protein molecules in solution on either side of the isoelectric point is due 
to the ionization of protein salts. 

Having a light passing through the cataphoretic tube at right angle to 
the plane of the tube, I measured the migration of the boundary between 
the sericin sol and the dispersing medium under the influence of electric 
potential. The cataphoretic velocities of proteins obtained recently by 
many authors are quoted in Table 46. 


Table 46. 


Protein Cataph. velocity Author 








Gelatin —0.43 ca ’ Mattson, 19320 
Egg albumin —0.35 : Abramson, 1928(°) 

» ” —0.38 . | Mattson, 1932 
Casein —1.89 | Kénig, 19382¢9 
Serum albumin -1.11 


Pseudo-globulin —2.15 
* Continued from page 260 of this volume. 

(24) Mattson, Soil Science, 33 (1932), 43. 

(25) Abramson, J. General Physiol., 12 (1929), 711-725. 
(26) Konig, Biochem. Z., 252 (1932), 325-342. 
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The cataphoretic velocity of the protein solution is much smaller than that 
of hydrophobic colloids as seen from Table 46. 


(1) The Migration Velocity of Sericin Particles. In the case of dilute 
solutions of sericin I added small definite amounts of pumice suspension in 
order to make the migration of the boundary easily observable. As shown 
by Abramson and Mattson it appeared that the pumice particles were coated 
with the protein and behaved electrokinetically as well as the protein, and 
no difference in cataphoresis was observed on addition of pumice. 

A sericin solution (5c¢.c.) containing small amounts of pumice sus- 
pension was mixed with the same volume of a citric acid phosphate buffer 
solution and the mixture was put in the cataphoretic tube and the migration 
velocity was measured after passing an electric current for 15 minutes. 
The experimental results obtained are shown in Table 47 and Fig. 20. 


Table 47. 


Variation of cataphoretic velocity with 
concentration at various pH values. 
(For good ‘‘ kaijo’’) 


Concentration of sericin sol. 


- 


0.542% 0.50% 0.235% 0.18% 


u U U u 


+0.242 +0.270 +0.383 PH 
40.225 +0.255  -+0.355 

+0.180 +0207 +0277, - 

+0.137 +0154 +0.230| - 35 640 ~645COS0 
—0.010 —0.020 —0.060 

-0.050 —0.085 —0.119 - Fig. 20. 

—0.152 —0.190 —0.306 


Sup BR 2 G0 
COOrnNwNoan 


u denotes p/sec. for 1 volt/em. 


Sericin particles prepared by a usual method were transported to the 
anode in the electric field. The rate of migration, however, is a function of 
the hydrogen-ion concentration of the solution. It is found that at the iso- 
electric point there is no charge; on either side of this point there is a 
charge, positive in acid and negative in alkali, which rises to a maximum 
till a certain point is reached (Fig. 20). It may be regarded as the result of 
an increase of charge caused by increased ionization. 

At the constant pH value the cataphoretic velocity of sericin particles 
diminishes gradually with increasing concentration and the speed of migra- 
tion is greatest for the sericin obtained from the cocoon of good ‘“‘ kaijo”’ 
and much slower for that obtained from the cocoon of bad “ kaijo”’ 
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under the same conditions. With proteins which form molecular aggre- 
gates the potential difference between the particle and liquid in which it 
lies is influenced by the distribution of diffusible ions around the surface 
of the particle. ‘ 

The theory of the electrokinetic phenomena was first given by Helm- 
holtz and he assumed a double layer on the interface between the two 
¢ HD 
477 
velocity of the particle in centimeter per second, € the potential of the 
double layer, H an external potential gradient, D the dielectric constant 
of water, and » the viscosity of the fluid. We can, therefore, calculate 
C-potential of sericin micellz from the above formula : 


phases; for cataphoresis he wrote u = , where u is the cataphoretic 


_ 4anu 
HD 


As shown in Fig. 20 the cataphoretic velocity —pH curve is not symmetrical 
on both sides of the isoelectric point. Isoelectric points obtained from the 
curves are given in Table 48. 


Table 48. 


“* Kaijo”’ pH at isoelec. point 


Good 4.35 
Middle 4.45 
Bad 4.45 


(2) Variation of Cataphoretic Velocity with Temperature. At low 
temperature the rate of migration of sericin micellz is proportional to the 
temperature which causes a change in the state of aggregation of sericin 
particles. The results obtained are shown, for example, in Table 49. 


Table 49. 
For good ‘‘ kaijo”’ at pH 3.6. 


> a E 0, e om 0.5 o 
Temp. Cone. 0.50% Cone 34% 


t (C.) u (v/sec.) log u u (v/sec.) log u 


0 +0.215 0.334 +-0.236 —0.373 
10 +0.225 0.352 +0.270 —0.431 
20 + 0.275 -0.439 +0.340 -0.531 
30 + 0.402 0.604 + 0.502 —0.701 
40 + 0.750 -0.875 + 1.155 —0.062 





| 
| 
| 
| 


Sten ccintiAE salina epee OER nLite 
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Logarithm of cataphoretic velocity of sericin micellz is directly propor- 
tional to the temperature in the range between 10° and 40°C., namely, 


log u ry A+Bt, 
where ¢ is the temperature in centigrade, and A and B are constants. 


(3) Effect of Electrolytes on the Cataphoretic Velocity. It is noticed 
that the rate of migration under the influence of electric potential is pro- 
portional to the ¢-potential of particles under the same conditions. When 
the ¢-potential is changed by the addition of electrolytes, a change in the 
cataphoretic velocity may be caused. The experimental results are shown 
in Table 50. ; 


Table 50. 


Effect of electrolytes on cataphoretic velocity. 
(Cone. of the salt solution = 0.001 mol. pH = 5.0) 
ites NaCl KCl MgCl, CaCl. AICI, FeCl 
(c.c.) u (0.22%)  wu(0.23%) w(0.24%)  w(0.27%) u (0.22%) u (0.22%) 


0 —0.31 —0.32 —0.295 —0.285 —0.31 —0.312 
0.1 _ _ —- _ —0.04 —0.094 
—0.38 —0.37 —0.25 — 0.255 +0.071 +0.037 
0.5 —0.46 -0.46 0.188 -0.209 +-0.179 +0.124 
—0.53 —0.52 -0.16 -0.171 + 0.160 + 0.142 
—0.59 —0.588 —0.156 0.154 +0.124 +0.122 
—0.581 0.580 -0.13 —0.120 + 0.081 +0.083 
—0.53 —0.48 —0.12 —0.098 + 0.069 +-0.069 


Fig. 21 shows a comparison of salts 
with cations of different valencies in 
their influences on the cataphoretic ve- 
locity of sericin particles. The abscissa 
is the volume of salt solutions added, 
the ordinate the cataphoretic velocity or 
the C-potential. The electrolytes like 
NaCl and KC] cause the increase of the 
rate of migration at the low concentra- 
tions as is the case with other proteins. 
AICls and FeCl; change the direction of 
the cataphoretic velocity in very low 
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concentrations and these salts must be expelled from the water used in the 
silk industry. 


(4) Effect of Time of Heating on the Cataphoretic Velocity. When 
the sericin solution prepared by the usual way is heated again without the 
cocoon layer in the same flask for a definite time, the viscosity diminishes 
gradually and at last the capacity of gelatinization is lost. The rate of 
migration, therefore, is changed by this treatment (Table 51). 


Table 51. 
Good “ kaijo’’, cone. 0.16% ; pH = 3.8 (20°C.). 


| Time of heating in hrs. (7) Cataph. velocity u (u/sec.) 


0 0.395 
0.5 0.406 
0.410 


The cataphoretic velocity of the sericin solution increases with increasing 
time of heating. This may be due to increase in the degree of dispersion 
of sericin micellz and to decrease in the degree of its hydration by further 
heating. 


(5) Effect of Time of Standing on the Cataphoretic Velocity. On 
standing at room temperature the sericin solution gradually gelatinizes, and 
the effect on the rate of migration may be contrary to that described in (4). 


Table 52. (pH = 3.8) 


° a M sé se 99 d “ a. op 
Time of standing Good ‘‘ kaijo Bad “ kaijo 


(Conc. 0.306%) (Conc. 0.23%) 


(min.) Cataph. velocity (u/sec.) Cataph. velocity (v/sec.) 


0 + 0.330 +0.260 
60 +0.331 +0.257 
120 +0.301 +0.242 
180 +0.274 +0.220 
240 +0.196 +0.187 








As shown in Table 52, the cataphoretic velocity of the sericin solution 
diminishes with the time of standing. This may be due to increase in the 
size of aggregates and in the degree of hydration of the sericin micellz. 
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t 
: 
; 
+ 
, 
: 
: 
| 
) 
; 


H. Kaneko. 


Sec. IX. Separation of Sericin into Two Components. 


(1) Separation by Precipitation. Robin and Verdeil (1853) noticed 
that magnesium sulphate gave a precipitate with egg-white and with 
serum. Virchow (1854)@ found further that, besides MgSO,, other salts, 
such as K2SO,, NaSO,, alum, CaClz, NaCl, possessed the property of 
precipitating proteins. 

Heynsius called attension to the great precipitating power of ammo- 
nium sulphate which precipitates albumin from solution. Hofmeister 
investigated the individual power of the acid- and the metal-groups of the 
salt to precipitate proteins. His results are quoted in Table 53. The 
numbers indicate the number of grams in 100c.c. of solutions when pre- 
cipitation of globulin commences in a solution of egg albumin. 


Table 53. 
K NH, Mg 


Sulphate No ppt. 13.39 15.93 
Acetate 16.38 No ppt. No ppt. 
Chloride 26.28 ” ” 
Nitrate No ppt. 


It is noticed from Table 53 that the capacity of precipitation depends 
on both the acid- and the metal-groups of a salt. The precipitating power 
can be arrranged in the following order: SO,>citrate>tartrate>acetate> 
chloride > nitrate. This order of the effective influence of the neutral salts 
has become known as Hofmeister’s series. 

The precipitation of sericin from solution has been carried out in a 
variety of ways. Cramer (1965)°) and Wetzel (1898)® precipitated sericin 
with lead acetate. Anderlini (1887), Tiirk (1920)®, K. Kondo (1921) and 
T. Watanabe (1928) took advantage of the insolubility of sericin in alcohol. 


27) Virchow, ‘‘ Uber ein eingenthiimliches Verhalten albuminéser Flissigkeiten bei 
Zusatz von Salzen.”’ 

(28) Cramer, J. prakt. Chem., 96 (1865), 76. 

(29) Wetzel, Z. physiol., Chem., 26 (1898), 535. 

(30) Anderlini, Chem. Zentr., 1887, 941; ibid., 1888, 795. 

(31) Turk, Z. physiol. Chem., 111 (1920), 69. 
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I noticed that the sensibility of the sericin solution to the electrolyte is 
different with ‘‘kaijo’’ of cocoons and that in low concentrations salts do 
not always precipitate the whole of sericin existing in the solution, but a 
part of it remains in solution after the addition of salts. 


Then it can be considered that sericin must exist in solution in different 
states of aggregation. So I intended to separate components of sericin by 
the addition of ammonium sulphate which causes a comparatively slight 
denaturation of the protein. The application of ammonium sulphate pre- 
cipitation method to the separation of the sericin components was done by 
Shelton and Johnson in 1925.2 They found that varying concentration of 
ammonium sulphate gave two precipitates; the first of these being a gelati- 
nous substance insoluble in cold water and to obtain it they added ammo- 
nium sulphate crystals to the solution. 


If a lukewarm sericin solution freshly prepared be one-third saturated 
with ammonium sulphate, the fibrous precipitation called sericin A is ob- 
tained ; by half-saturation of the filtrate the amorphous sericin called sericin 
B can be obtained. In practice, to a lukewarm sericin solution an equal 
volume of a saturated ammonium sulphate solution is added gradually and 
the mixture is allowed to stand for some time, sericin A first flocculating on 
the surface of the solution and then sericin B slow precipitating from the 
solution and setting down on the bottom of the vessel. 


Sericin A and sericin B precipitated by (NH,4)2SO; 


bee. 


Sericin A (124) Sericin B (124) 


Fig. 22. 


(32) Shelton and Johnson, J. Am. Chem. Soc., 42 (1925), 412-418, 





| 
| 
| 
| 


1---Sericin A, 2---Sericin B. 
Fig. 23. 
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The non-spherical colloids, 
such as casein, fibrinogen or 
muscle globulin, are more easily 
precipitated with electrolytes 
than the spherical. In the case 
of sericin, sericin A is trans- 
parent, elastic, long fibers and 
easily aggregates together to a 
mass, but sericin B is white, 
small granules (Fig. 22 and 23). 

After separated from the 
mother liquor, the precipitate, 
sericin A and sericin B, was sus- 
pended in water and freed from 
ammonium sulphate by dialysis 
for a few days and dried slowly 
over calcium chloride in a desic- 
cator after washing it with al- 
cohol and ether. 

Two fractions can be sepa- 
rated from sericin solutions by 
means of ammonium sulphate, 
but this separation is difficult 
for cold or aged sericin solutions. 


The proportion of two sericin components is different with ‘‘ kaijo”’ of 


cocoons as shown in Table 54. 


Sericin A: Sericin B | 


. 16.35 
Nitrogen content 


7 a 
of sericin A (%) 16.60 
: 16.17 

Nitrogen content 


of sericin B (% 








16.14 


Good “ kaijo”’ 


61.97 : 38.03 


Table 54. 


Mid. “ kaijo”’ 


55.17 : 44.83 


Bad ‘ kaijo”’ 


43.48 : 56.52 


61.93 : 38.07 


16.37 > 16.41 


16.14 > 16.15 


55.27 : 44.78 


16.33 ] 
16.28 > 16.33 
16.39 


16.07 
16.10 } 16.10 
16.12 j 


43.16 : 56.84 


16.25 | 
16.40 } 16.33 
16.36 ) 


16.04 
16.09 16.09 


16.13 
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Table 54 shows that the sericin solution obtained from cocoons of good 
“‘kaijo’’ contains more sericin A than the solution obtained from cocoons of 
bad ‘‘ kaijo,’’ and that the nitrogen content is on an average 16.36 per cent. 
for sericin A, and 16.11 per cent. for sericin B. 


I noticed further that, besides with ammonium sulphate, the separation 
of sericin into two components can be effected with many other salts and 
acids. Sericin A is precipitated at low concentrations of precipitating 
agents, while sericin B remains in solution at such concentrations but is 
precipitated from the filtrate of A on adding more precipitating agents. 
In practice, I precipitated sericin B by addition of equal volume of 90 per 
cent. alcohol after separating sericin A from the solution. For precipitation 
of sericin A I added aqueous solutions of electrolytes to the sericin solution 
until the solution remained clear after the precipitation of sericin A. 


The nitrogen contents of sericin A and sericin B thus prepared are 
given in Table 55. 


Table 55. 


Nitrogen content (%) Colour of coagu- 


Coagulant oa 
Sericin A Sericin B lated sericin 


HgCl, 16.42 16.19 Colourless 
AICI, 16.37 16.17 ” 

AuCl, 16.47 16.28 Reddish violet 
PtCl, 16.42 16.18 Slightly yellow 
La(NOs;), 16.38 16.16 Colourless 
Er(NO;,); 16.35 16.17 ” 
Th(NO,), 16.39 16.16 Slightly yellow 
Zr(NOs), 16.38 16.16 ” ” 
CuSO, 16.36 16.15 Slightly blu 
Alum 16.38 16.17 Colourless 
Urany] acetate 16.38 16.16 Slightly yellow 


HCl 16.40 16.16 Colourless 
H.SO, 16.40 16.16 

CCl,CO.H 16.37 16.14 

(CO.H), 16.40 16.16 

Phosphotungstic acid 16.37 16.15 Grayish white 
Phosphomolybdic acid 16.39 16.15 Grayish blue 
Tannic acid 16.35 16.10 Colourless 


(NH,).SO, 16.36 16.11 
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The pH of sericin solutions is commonly on the alkaline side of iso- 
electric point, so sericin forms salts with salts of heavy metals, some of 
which have a characteristic colour. 

The isoelectric point of sericin A and sericin B are respectively pH 3.8 
and pH 4.5. When these two sericins are mixed, the isoelectric point may 
depend on the proportion of the mixture. The optimal pH value for precipi- 
tation by electrolytes must be, therefore, varied with ‘‘ kaijo’’ of cocoons. 


(2) Separation by the Action of Electric Current. One hundred c.c. 
of the sericin solution was subjected to electrodialysis for one hour, whereby 
a sharp separation of solid sericin A at the anode resulted, leaving a clear 
liquor containing, sericin B, which could be driven out of the solution with 
alcohol (Table 56). 


Table 56. 


Nitrogen contents (%) of separated sericins. 


** Kaijo”’ Sericin A Sericin B 


Good 16.41 16.14 
Middle 16.38 16.11 
Bad 16.37 16.08 


(3) Separation by Freezing the Sericin Solution. As it will be de- 
scribed later, two sericins were separated by first gelatinizing the sericin 
solution at room temperature for two hours and then freezing it. The 
frozen mass was then melted at 20°C. and filtered through filter paper. 
The solid residue was sericin A and the filtrate contained sericin B, obtain- 
able in solid form by precipitation with alcohol. 


Sec. X. The Precipitability of Sericin on the Action of Reagents. 


It has already been mentioned that in dilute solutions salts act as sol- 
vents for isoelectric proteins, and that in concentrated solutions near the 
isoelectric point they act as protein precipitants. The amount needed to 
initiate precipitation depends on the nature of the added salts. Recent 
work by Lachs and Chwalinski (1932), showing that in many cases the 
influence of capillary-active non-electrolytes is to lower the coagulation 
values of univalent electrolytes and to raise the coagulation value of multi- 
valent ions, is interpreted in terms of charges in the thickness of the electric 
double layer and the dielectric constant. 
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The thickness of the layer is affected only slightly by univalent ions 
and the dielectric constant then determines the charge in coagulation value, 
but multivalent ions have a strong influence on the thickness of the double 
layer. Kruyt and de Jong (1922)® have developed a general theory of 
charge and hydration as dual stability factors, which enables both hydro- 
philic and hydrophobic sols to be considered from the same point of view. 
They have shown that when the charge on the particles of an agar hydrosol 
is removed by electrolytes the sol remains stable, but the sol is flocculated if 
it also contains a dehydrating substance, such as alcohol or acetone. 

Then a hydrophilic sol can be converted into a hydrophobic sol by adding 
alcohol or acetone and the resulting system can then be precipitated by 
small quantities of electrolytes. 

These phenomena can be also seen in the sericin hydrosol. The mole- 
cules of the water of hydration are believed to be oriented around the 
particle in such a way that the first layers are firmly attached, whilst suc- 
ceeding layers are less oriented and less firmly attached. The outer layers 
of less oriented water molecules are removed by dehydration at the iso- 
electric point. 

The precipitation of proteins from solutions by the salts of the Hof- 
meister series is attributed to the so-called lyophilic action. The action of 
electrolytes on the hydrophilic colloids is generally very complex and de- 
pends upon the valency of cation of the salts, effect of anion, degree of 
hydration of the protein, and its adsorption capacity, etc.. To some extent 
Hofmeister’s lyotropic series holds good for it. 

Gortner™ found that Hofmeister's series exists for the precipitation of 
wheat flour and that hydrogen- and hydroxyl-ions are adsorped on the 
surface of protein colloids. The effects of anions are as follows: 


F > SO, > Cl > tartrate > Br>I. 


With regard to the precipitation of proteins by salts of heavy metals, T. Geill 
(1929)® observed that there was generally two precipitation ranges, one in 
very weak concentration (about 10~‘ ny), and the other in strong concentra- 
tion (about 1 N). 

I found also that there was two precipitation ranges for sericin when 
the electrolytes, such as Th(NO,;),, FeCl;, AlCls, and lead acetate, were 
added to the sericin solution. The experimental results obtained are given 
in Table 57. 


(33) Kruyt and de Jong, Z. physik. Chem., 100 (1922), 250. 
(34) R. A.Gortner, Kolloid-Z., 44 (1928), 97. 
(35) T. Geill, Biochem. Z., 216 (1929), 165-178, 
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Table 57. 


Flocculation of sericin with Th(NOs),. Flocculation of 
Cone. of sericin solution = 0.372% sericin with FeCl. 


Cone. of Xx . Conc. of x 
electrolyte Flocculation electrolyte Flocculation 
(mol.) c.c. (mol.) 


0.01 0.04 — (no floc.) 0.01 
0.07 - 

0.11 + (slight floc.) 

0.14 ++ (floc.) 


0.16 ++ (most floc.) 


0.20 ++ (floc.) 
0.30 

0.50 

0.15 

0.17 +4 


6 e + 4 ” 0.20 
0.20 +e 


X denotes the volume of the electrolyte added to 5c.c. of the sericin solution. 


Pauli® considered that the precipitation occurring in very weak con- 
centrations of salts of heavy metals was due to the formation of a complex 
salt of the protein with the cation of a salt, and that in strong concentra- 
tions it was due to the formation of a complex salt of the protein with the 
anion. 

Silbermann states in his book, ‘‘ Die Seide, II’’, that the aqueous solution 
of sericin is precipitated by alcohol, ether, metallic salts, and tannin, but 
not by potassium ferrocyanide nor acetic acid. At 20°C. I measured the 
flocculation values of the sericin solution, namely the concentrations of elec- 
trolytes in solution in millimoles per litre when the sericin is precipitated 
completely in two hours. 

The influence of the nature of the electrolytes, as shown by H. Freund- 
lich®, proves that we are dealing with an electric phenomenon. The ions 
which are the most effective are those having a charge opposite in sign to 
that of the colloidal particles and the adsorbility and valency of these ions 
are of great importance. 


(36) Pauli, Biochem. Z., 233 (1931), 87-112. 
(37) Freundlich, Z. physik. Chem., 114 (1924), 65. 
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(1) Flocculation Values for the 0.2 per cent. Sericin Solution. As 
already shown, the sericin sol possesses a negative charge like arsenic trisul- 
phide sol, so the cations of salts must influence remarkably the flocculation 
values for sericin so]. Table 58 gives the flocculation values for sericin sol. 


Table 58. 
Flocculation value r for 0.2% solution. 


Cation Salt r 


Mono-valent C,H;NH.-HCl 2.84 


Zn(NOsz)- 5.66 CuCl, 
Bi-valent (CH,CO,),Cu (CH,COs),UO. | 1.07 | Cu(NO;)s 
CuSO, 


FeCl, [Co(N H;),]Cl, 0.740 | (CH,CO,).Fe 
Trivalent AlCl, Al(NOs3)3 0.566 La(NQs), 
Fe(NOs)s Er(NOs)s 0.360 $ Al(SO,)s 
Tetra-valent  Zr(NOs), Th(NOs),; 0.196 
Acids HCl 1.57 H.SO, 0.785 (COA). 


Alkaloidal Tannin 37.03 CCl;CO.H 0.740 Lead acetate 
reagents P.T. acid 0.122 P.M. acid 0.566 


P. T. acid = phosphotungstic acid. P.M. acid = phogsphomolybdic acid. 


(2) Flocculation Values for the 0.4 per cent. Solution. 
Table 59. 


Cation Salt Salt 
Mono-valent AgNO, ‘ C;H;N H.-HCl 


HgCl. Zn(NOsz)o CuCl, 


Bi-valent (CH,CO,),Cu Cu(NOs)s (CH,CO.),UO. 


La(NOs;)3 FeCl, [Co(NH;),]Cl, 
Trivalent AlCl, Al(NQs); (CH;CO.)3Fe 
Fe(NO;)3 + Als(SO,)s Er(NOs)s 


Tetra-valent | Zr(NOs), Th(NOs), 
Acids HCl H.SO, ; (CO.H). 


Alkaloidal Tannin CC1;CO,.H Picric acid 
reagents P.M. acid Lead acetate 





ee ee eee 


| 
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From the figures, we find the following facts. Sericin sol is negatively 
charged; the added anion, which also has a negative charge, apparently 
plays a subordinate réle in the flocculation process. On the other hand, the 
valence of the cation governs, to a great extent, the flocculating power of 
the added electrolyte. It is noticed that HgCle and Zn(NOs)e give floccula- 
tion values about 6.0 milli-moles, while aluminium, iron, and lanthanum 
give values in the neighborhood of 0.6 milli-mole. The hydrogen-ion and 
ions of heavy metals have a greater flocculating power than is expected 
from their valences. But, the salts having cations of the same valence do 
not show the same flocculation value. The effects of anions are in the order 
given below : 


Cl < NOs:, CHsCOz < SO, (cupric salt) ; 
Cl < CH3CO2 < NOx (ferric salt) ; 
Cl<. NO; < SO, (aluminium salt). 


It can been seen that Hofmeister’s series holds goods here. 


(3) Flocculation Value and Concentration of Sol. When I investi- 
gated the flocculation values for sericin sols of different concentrations, the 
following results were obtained. 

Fig. 24 shows that dilution of the sol lowers the flocculation values of 
many salts. Like the case of the adsorption formula, the logarithm of 
flocculation value is a linear function of the logarithm of the concentration 
of sericin sol (Fig. 25). 
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1 
r=k.c~ or logr=logk+ log c 


(4) Flocculation value and pH value. Sericin has a wide coagulation 
range in pH values, for it isa mixture of at least two components. And 
the coagulation range is varied slightly with electrolytes (Table 60). 


Table 60. 


| . 
Floc. range a 


(pH) (pH) 


(a) Acid (HCl, H.SO,) 3.5-4.4 3.9 
(b) Salt (FeCl,, AICl,;, CuSO,) 3.6-4.6 4.2 
Salt (nitrate) 3.8-4.8 4.6 





In the presence of citric acid-phosphate buffer solution, the coagulation 
range is extended to more acid side and the optimal coagulation point exists 
near pH 4.0. 


(5) Flocculation of Sericin with Alcohols and Acetone. As alrealy 
shown, not only proteins are held in solution by their electric potential, but 
also their stability is influenced by association with water. Even electrically 
charged proteins can in some cases be driven out of solution by substances, 
such as alcohols and acetone, which have the power of extracting this water 
from the particles. Sericin is, therefore, precipitated from solution by 
addition of alcohols and acetone. The two constituents of sericin are pre- 
cipitated by different concentrations of an alcohol. With increasing dis- 
aggregation of the micellz, the precipitability by alcohols decreases so that 
a fractionation of sericin is possible on the basis of their alcoholic solutions 
as done by T. Watanabe. 

When the dielectric property of the sericin solution is changed by 
addition of some organic substances, like chloroform, carbon tetachloride, 
benzene, and aniline, sericin is also flocculated from solution. 


(a) Alcohols. Ethyl alcohol in 80 per cent. concentration precipitates 
sericin from solution and the pH value of the maximum precipitability is 
varied in the presence of other substances. The optimal pH values for 
precipitation of dialysed sericin by ethyl alcohol are as follows: 


(38) T. Watanabe, loc. cit. 
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pH 4.50 (+0); 

pH 3.8-3.9 (+ citric acid-phosphate buffer solution) ; 
pH 3.75 (+ small amount of ammonia) ; 

pH 4.60 (+ small amount of CO2). 


One c.c. of an alcohol was added to the mixture of 2c.c. of the sericin 
solution (0.41%) and 3c.c. of the buffer solution and the mixture was shaken 
throughly. After two hours’ standing at room temperature the optimal pH 
values for precipitation of sericin was determined, which are shown in 
Table 61. 


Table 61. 
Opt. floc. 

Alcohol (pH) Alcohol 
CH,OH (85%) 4.0 | C,H,OH (iso.) 
C.H;OH (95%) 3.8 C;H,;,OH 
C,H;OH (90%) 3.6 


The flocculation power of alcohols decreases with increasing dilution of 
them and at the same time the pH value of the maximum precipitability is 
shifted to the more acid side. 

Jirgensons (1931)®” showed that the coagulating influence of phenol, 
acetone, and certain alcohols on hydrosols of starch or egg-albumin rose 
with increasing concentration, attaining a maximum at a certain concentra- 
tion which is a linear function of the dielectric constant of the coagulants. 
On adding an alcohol to the discharged sericin sol to which a minute quan- 
tity of an electrolyte had been added, an immediate flucculation occurred. 

The precipitability of sericin sol by alcohols was sensitized by addition 
of minute quantities of AlCl, (0.0001-0.005 mol.). FeCls had also a sensi- 
tizing effect at very weak concentrations (0.0001-0.005 mol.), but a stabili- 
zing effect at strong solutions (0.01-0.4 mol.). Glycocoll (0.0008 mol.) and 
ammonium oxalate (0.005-0.1 mol.) acted as stabilizer in the flocculation of 
sericin by alcohols. 


(b) Acetone. Acetone had a similar action on the sericin solution. 
In the low concentrations sericin A was apt to flocculate easily with acetone, 
for its isoelectric point lies near pH 3.7. 





(39) B. Jirgensons, Biochem. Z., 240 (1931), 218-231. 
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Table 62. 


(2 c.c. Sericin solution+3 c.c. Buffer solution+1¢.c. Acetone). 


Conc. of acetone Opt. floc. Floc. range - 
(Merck) (%) (pH) (pH) Precipitate 


100 4.0 3.6-4.8 Floats, voluminous 
83 3.8 3.6-4.2 Large form 
50 3.6 3.4-3.8 Small form 
33 3.6 3.4-3.8 
10 3.6 3.4-3.7 


The change in the concentration of acetone caused also the variation in 
the pH value of the maximum precipitability of sericin. Most of the aging 
phenomena of sols are in general characterized by the fact that the particles 
of a highly dispersed solution gather to form larger particles, and that their 
sensitiveness to flocculation is increased. 


(6) Form of Coagulated Sericin. When electrolytes, such as thorium 
nitrate, zirconium nitrate, ammonium sulphate, mercuric chloride, phos- 
phomolybdic acid, and uranyl acetate, were added to the sericin solution, 
the long, fibrous precipitates were obtained, which are illustrated in Fig. 26. 


A 
'¥ (N H ,)sSO,) 


‘ / qu 


Fig. 26. 


Especially sericin A gave easily a fibrous coagulant which had elasticity 
and shrank to mass on stirring. It can be, therefore, considered that 
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sericin A has a micellar structure like fibroin, and sericin B an amorphous 
structure. By the optical method K. Obara (1932) showed that sericin 
coating the silk fiber might have also a micellar structure. Then the high 
viscosity of sericin A may be explained by this consideration. On freezing 
the solution, sericin precipitated also in the form of fiber. 


Sec. XI. The Distribution of Sericin Particles 
in the Electric Field. 


If the particles combine with alkali, they would migrate to the anode, 
and if with acid, to the cathode. I observed the behaviour of sericin parti- 
cles in Burton’s cataphoretic apparatus. Towards the end of five minutes 
of passing the electric current under 110 volts, a white thin coagulant was 
produced near the boundary between sericin sol and water layer at the 
anodic side. The sericin solution in the anodic side gradually became more 
turbid and that in the opposide side was tinged with slight yellowish colour. 

The anodic layers were acidic, the cathodic alkaline as in the case of the 
cocoon layer used as the diaphragm in distilled water. The sericin layer 
obtained from the cocoons of bad ‘‘ kaijo’’ showed deeper yellow colour 
in the cathodic side. 


(1) Reactions of Each Liquid Layer. Sericin particles in the cathodic 
side were easily coagulated with copper sulphate or lead acetate, but those 
in the anodic side were not flocculated with them, though both were precipi- 
tated with alcohol or ammonium sulphate. 

Though the change of colour in the biuret reaction depends on the con- 
centration of the sericin solution, sericin in the anodic side gave always a 
more intense tinge of red than that in the cathodic side. Then we can 
presume the degree of ‘‘kaijo’’ of cocoons from the colour reaction of the 
anodic layer. The relation between biuret reaction and the concentration 
of sericin are shown in Table 63. 


Table 63. (Good ‘‘ kaijo’’). 


Anodic side Cathodic side 
Cone. (%) 
Sericin layer Water layer Sericin layer Water layer 
Above 0.35 | Brownish red Violet Violet red Slightly blue violet 


0.35-0.25 Pink Slightly violet Violet red Colourless 


(40) K. Obara, Bull. Inst. Phys. Chem. Research, Japan, 11 (1932), 466. 
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Table 63.—(Concluded) 


Anodic side Cathodic side 
Conc. (%) 
Sericin layer Water layer Sericin layer Water layer 


0.25-0.15 Violet red Slightly violet Red violet Colourless 
0.15-0.05 Red violet Slightly blue violet Violet 
Below 0.05 Red violet Colourless Violet 


The change of the colour of the biuret reaction depends not only on the 
concentration of sericin, but also on other soluble matters which exist with 
sericin in the cocoon fiber and become free in the electric field. 


(2) Isoelectric Point of Sericin Solutions in Cathodic and Anodic 
Sides. The isoelectric point was measured by the change of surface tension. 
For the anodic sericin solutions the isoelectric point existed nearly at pH 3.80 
and for the cathodic sericin at pH 4.40, although they had considerably 
different ‘‘ kaijo’’ (Table 64). 


Table 64. 


pH at isoelectric point 
é Kaijo ” 
Anodic sericin Cathodic sericin 
Very good 3.70 4.36 
Common 3.80 } 3.80 4.45 } 4.40 
Bad 4.00 4.50 j 


(3) The Nitrogen Contents of Sericin in Both Solutions. Though 
the amounts of sericin existing in both sides varied with the ‘‘ kaijo”’ of 
cocoons, the nitrogen contents of sericin in the solutions were nearly equal 
and were found on an average 16.15 per cent. for sericin in the anodic solu- 
tion and 16.01 per cent. for sericin in the cathodic solution (Table 65). 


Table 65. 
** Kaijo”’ N (%) anodic N (%) cathodic 


Good 16.156 16.08 
Common 16.156 } 16.15 16.01 } 16.03 
Bad 16.143 16.01 j 
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From the nitrogen content it can be considered that the anodic sericin 
is rich in sericin A and the cathodic in sericin B. The outer, middle, and 
inner layers of cocoons have different ‘‘ kaijo’’, but their anodic and catho- 
dic sericins showed nearly the same nitrogen contents as described above. 
Both sericin solutions were also found already in the liquid silk in the silk- 
worm. It is, therefore, clearly understood that the ‘‘ kaijo’’ of cocoons is 
ascribed first to the varieties of the silk worm, secondly to the physiological 
values of mulberry leaves and the external effects on the gelatinization of 
liquid silk. 


(To be continued.) 








